It is possible to select transmembrane potential (AP)-altered mutants in Streptococcus pneumoniae on the basis of their resistance to the antifolate methotrexate. Comparison of such a mutant strain (amiA9) with its parent was used to evaluate the role of AP in the uptake of certain amino acids. The A'P-dependent uptake of isoleucine, leucine, valine, and asparagine showed a reduced maximum velocity of uptake, and decrease in the transport constant of the energy-dependent, AP-independent uptake of lysine, methionine, and glutamine was observed. No reduction of the intracellular pool of ATP or of lactate excretion could be detected in the mutant strain. Moreover, studies on membrane preparations suggest that the phenotype expressed by the amiA mutation is not a consequence of alteration of its ATPase activity or susceptibility to N,N'-dicyclohexylcarbodiimide. Therefore, it is unlikely that the amiA mutation affects the H+ F1Fo
The molecular mechanism by which metabolic energy is coupled to active transport in bacteria has been of considerable interest. It is now generally accepted that the accumulation of many metabolites requires ATP, a derivative of ATP, or an electrochemical proton gradient (Aj±H+) across the cytoplasmic membrane (for a review, see references 12 and 23) .
In streptococci, the metabolism of which is primarily fermentative, it has been proposed that excretion of metabolic end products such as lactate contributes to the electrochemical proton gradient created by the FIFO ATPase (EC 3.6.1.3) (20) . Ion transports could also be good candidates for assisting the FIFO ATPase. Isolation and characterization of several classes of A,uH+-altered mutants may be helpful in investigating this problem, as Escherichia coli mutants resistant to neomycin have proved to be useful for studying the role of the F1FO ATPase (22, 26, 38) and the energy coupling to transport (14, 17, 18, 30) . In this respect, the methotrexate (MTX)-resistant mutant of Streptococcus pneumoniae studied here appears to be a good tool for studying the energetics of these bacteria. These mutants, called amiA, are resistant to 10 ,uM aminopterin or MTX but are as susceptible as the wild-type strain (1 ,uM) to another folate analog, trimethoprim. They exhibit no change in the properties of their dihydrofolate reductase, the well-known intracellular target for antifolates (33) , and they are prototrophic for thymine. Moreover, no detoxifying activity for MTX could be detected in the mutant extracts (M. C. Trombe, Ph.D. thesis, Universite P. Sabatier, Toulouse, France, 1972) . Nevertheless, in studies on MTX uptake, it has been suggested that the amiA mutants are impaired in the transport of antifolates (28, 30, 32 ; M. C. Trombe, Ph.D. thesis). In addition, the amiA mutants are pleiotropic, i.e., they are altered in branched amino acid (isoleucine, leucine, and valine) active transport which is mediated by a single common permease with a transport constant (KT) 1 ,uM (31) . They are also more sensitive than the wild-type strain to some amino acid analogs (32 MATERIALS AND METHODS Media and organisms. The MTX-sensitive strain of S. pneumoniae Cl3 was derived from strain R36 A (29) . It is auxotrophic for valine, leucine, isoleucine, arginine, asparagine, histidine, glutamine, and uracil but does not require folic acid for its growth in the synthetic medium (27) . Bacterial growth is inhibited by 1 ,uM MTX in a peptoneyeast extract medium (33) and 0.4 puM MTX in a defined medium (27) . MTX inhibition is not overcome by chemicals such as folate, 5-formyltetrahydrofolate, thymine, thiamine, methylcytosine, 2-methyladenine, or a mixture of thymidine, glycine, and 2-methyladenine even when their concentrations in the growth medium are 20 times higher than the MTX concentration (M. C. Trombe, Ph.D. thesis). Resistant mutants were selected on plates containing 10 FLM MTX. Colonies exhibiting pleiotropic properties, i.e., those exhibiting sensitivity to an imbalance in the concentration of branched amino acids, were considered amiA mutants. Two point crosses showed that all such mutations fall in a region of about 7 kilobase pairs (27, 35) . One of the mutants, amiA9, bears a nonsense mutation (9) which lies at the beginning of the gene (35) . It was isogenized with the wildtype parent by bacterial transformation and was chosen among -50 mutants of the same locus as being repre- sentative of that class of mutants.
Growth and preparation of cells. The bacteria were grown to the exponential phase (absorbance at 550 nm, 0.7) in peptone-yeast extract medium (33 No difference was noted between the wild-type and the mutant strains, except for their AP values, which were estimated to be 130 ± 5 mV in the wild type and 100 ± 5 mV in amiA9 (Table 1) . These values correspond to a threefold difference in TPP+ accumulation by the two strains and can be correlated to the difference in isoleucine accumulation in the wild-type and mutant cells, i.e., -100-fold accumnulation of the amino acid in the wild type and -30-fold accumulation in the mutant (31) .
This change in At was not accompanied by changes in ApH, ATP hydrolytic activity, or sensitivity to DCCD of the ATPase (Table 1) . This phenotype is different from the wellstudied F1F0 ATPase mutants of E. coli, which exhibit either an alteration of their capacity to hydrolyze ATP (uncA) or a resistance to DCCD (uncB) (26), and we conclude that it is unlikely that the amiA mutants are altered at the level of their membrane ATPase.
Lactate excretion can generate a proton motive force (Vmax) in fermentative bacteria (20) . In the present case, if S. pneumoniae can derive some energy from lactate, it is unlikely that this factor was involved in the amiA mutant, since the amount of lactate excreted by the wild-type and the mutant strains were similar (Table 1) . Nevertheless, a change in the stoichiometry of lactate to protons might explain the phenotype of the amiA mutant and cannot be excluded.
Selective alteration of the kinetic parameters of amino acid transports in the amiA9 strain. The kinetic parameters KT and Vmax of uptake in the wild-type and the amiA9 mutant strain for several amino acids, including isoleucine, leucine, and valine, were determined by Lineweaver-Burk plots (Table 2) . It is possible to distinguish two classes of amino acids on the basis of the change in their kinetic parameters in response to the amiA mutation. In class A, isoleucine, leucine, valine, and asparagine exhibited a reduced Vmax in the amiA strain without detectable change of the KT for uptake. In class B, glutamine, methionine, and lysine showed no change in' Vmax in the mutant strain, but the KT values were lowered significantly by the amiA mutation. These data indicate that the amiA mutation altered the active transport of several amino acids and that its effect varied, depending on the amino acid, since it was the Vmax of certain transport processes which was altered but the KT of others.
One important question to be addressed is whether asparagine and the branched amino acids share the same transporter, since they all show a reduced Vmax of uptake in the amiA mutant. Although leucine and valine inhibited the uptake of isoleucine, neither asparagine nor lysine had any effect in the wild-type and the amiA9 mutant strain (Table 3) , a result which suggests that their transport does not occur via the branched amino acid permease. Therefore, it is likely that more than one transporter was modified by the amiA mutation. The different response of the amino acid transports to amiA mutation may indicate a difference in their coupling to metabolic energy.
Differential inhibition of amino acids belonging to classes A and B by arsenate, DCCD, and valinomycin. Uptake of the amino acids tested was reduced in arsenate-treated bacteria, with the effect being more pronounced with lysine and glutamine (Table 4) . DCCD, however, selectively inhibited isoleucine and asparagine uptake, without significant change in lysine or glutamine uptake. This suggests that there is a difference in energy coupling to transport for the amino acids of classes A and B: ATP may be involved directly in glutamine and lysine transport (class B) and indirectly via ApVH' in asparagine and isoleucine transport (class A).
We then checked the involvement of At in the various amino acid uptake systems. The cells were treated with the K+ ionophore valinomycin (0.6 jiM), which is well known to collapse AtI when sufficient K+ ions are present in the medium. In such bacteria, a lower accumulation of isoleucine and asparagine can be observed with no significant reduction of lysine or glutamine accumulation (Table 4) . In addition, when valinomycin inhibition was measured at different pHs, its effect was more pronounced at high pH than at low pH (34), a result which is expected for ANIrequiring transport systems. These data suggest that AVI energizes isoleucine and asparagine uptake.
Accumulation of class A amino acids in energy-depleted bacteria in response to an artificial At. The bacteria were incubated for 10 min at 20°C in media containing 100 mM KCI, 0.4% glucose, and 10 mM arsenate (energy-depleted cells) at pH 7. The cells were then tested for uptake in incubation medium with low K+. The K' diffusion potential was varied by the concentration of K+ in the external medium. A transient accumulation of isoleucine was observed in depleted bacteria, a magnitude of which correlated with the potential diffusion of K+ (Fig. 1) .
The kinetics of uptake of amino acids by energy-depleted bacteria were compared with controls which consisted of nondepleted bacteria. Amino acids of class A were accumulated in energy-depleted bacteria, with initial rates comparable with that of control cells (Fig. 2) . In contrast, amino acids belonging to class B (methionine, lysine, and glutamine) were accumulated more slowly and to a lesser extent in starved bacteria than in the controls. It is unlikely that the residual uptake of these amino acids results from ATP synthesis in response to AT, since all the experiments with starved cells were performed in the presence of a large excess of arsenate and without added phosphate. One possibility is that the low level of methionine, lysine, and glutamine accumulation in arsenate-treated cells indicates that there is a residual pool of ATP present after arsenate treatment. Such residual accumulation may also be due to the activity of other At-dependent transporters that exist for these amino acids. However, these transporters should be much less efficient compared with the ATP-dependent uptake systems.
Decreasing the At in the wild-type cells reduces the V.. of isoleucine uptake and the KT of lysine uptake. To check whether the reduced AP seen in the amiA strain was responsible for the decrease in Vmax for the transport of class A amino acids and KT in the others, these parameters were determined in wild-type bacteria preincubated with the permeant cation triphenylmethylphosphonium (TPMP+) to partially reduce their AAP. Controls were bacteria preincubated without TPMP+. Cells incubated with TPMP+ for 10 min showed a lower Vmax for isoleucine transport without a significant change in its KT (Table 5 ). In contrast, the KT of lysine was significantly reduced in TPMP+-treated bacteria, whereas the Vmax of uptake was not altered. This suggests that the pleiotropic effect of the amiA mutation on amino acid uptake is a consequence of an alteration of AP in the mutant strain. DISCUSSION In this report we give evidence for a reduction of AP in an MTX-resistant mutant of S. pneumoniae. That alteration was not accompanied by an alteration of the ApH and did not result fromn changes in the F1F0 ATPase or in lactate efflux.
The reduction in the AP was correlated with a reduction in the Vmax of those amino acid uptakes that rely on At and with a reduction in the KT for the uptake of those amino acids that are independent of A'T but that are probably energized by ATP.
The reduced Vmax for At-dependent uptake is reminiscent of what has been proposed and observed for the influence of AT on the kinetic parameters of other A'T-dependent metabolite transports (10, 11) . The second point of our observation, i.e., the variation of the KT for AT-independent, ATP-requiring transports in response to a decreased AP, could be explained if, for example, the energy state of the membrane influences the (21) and surface charge potential (36, 37) on the properties on membrane-bound enzymes.
From the present results, it appears that under our experimental conditions lysine, methionine, and glutamine uptakes were selectively affected for their KT values, whereas a change of Vma, was measured for the At-dependent uptakes of asparagine, leucine, isoleucine, and valine. Therefore, the energy state of the membrane appears to modulate ATenergized and ATP-dependent transports, suggesting a fine regulation of metabolite accumulation by the energetics of the cells.
In any case, these results altogether show that the amiA mutants appear to be good tools for studying the influence of At on membrane-linked biological activities. However, little is known about the molecular alterations which are responsible for the reduction of At in these mutants. Since the amiA mutant strain bears a nonsense mutation (9) which is located at the beginning of the amiA locus (27, 35) , a protein is probably missing in that strain. From our data, it is unlikely that the amiA gene codes for a H+ F1F0-like ATPase in S. pneumoniae. As another possibility, it is suggested rather that the amiA function might be involved in another cation transport. Indeed, there is evidence for several cation transporters in streptococci (for a review, see reference 13). In addition, the role of the K+ content of the cells in the membrane potential value has been established in bacteria (1, 16) , and several reports point to the importance of several cation-translocating ATPases in streptococci (13) . Therefore, the absence of such a transporter is a good candidate to account for the alteration of At in the amiA mutant strain. Experiments are in progress to characterize the products and the function of the amiA gene.
